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ABSTRACT

This study analyzes the effects on a ship's equipment of delaying
! an overhaul. Equipment condition is measured with data on 14,000
CASREPTs for destroyer-type ships in 1970-75; and regression
analysis is used to measure the effects of delaying a ship's
}  overhaul, hnlding constant the effects of other factors such as a
ship's steaming history, class, and fleet. The frequency of
CASREPTs as well as their maintenance and parts' supply times are
3 separately analyzed. The findings suggest that delaying a ship's
overhaul for one year would not adversely affect the condition of

its equipment.

.,
S

MY AT L - . = 3 e ot S




Al € X

ACKNOWLEDGMENTS

I am indebted to my colleaques at CNA, especially Stan Horowitz
and Allan Sherman, who made numerous helpful comments throughout

the study. I would also like to thank Claire Hughes and Barbara

Measell who did the computer programming.

ii

LA




TABLE OF CONTENTS

Page

- List of tables . . . . . ¢« ¢ + v t v ¢t i 4t e e e e e e e e v

A Introduction . .« « + ¢ 4 v 4 e e e e e e e e e e e e e e e 1
Method . . . « ¢ & v v vt s e e e e e e e e e e e e e e e 3

CASREPT rate . .« ¢ ¢ o v ¢ o« o o o o o o o o o o o o o 5

Regression model specification . . . . . . . . . . . 5

Findings . . . e e e e e e e e e e e e e 7

Maintenance downtlme per CASREPT . . . . « + « +« « « « « 15

Regression model specification . . . . . . . . . . . 15

Findings . . S

Supply downtime per CASRDPT Y 1)

Regression model specification . . . . . . . . . . . 25

Findings . . . « .. e v e e e ... 29

Delaying overhauls and CASRFPT downtlme e

Conclusions . ¢ « « v v v v v v v e e e e e e 4 e e e 4« . 36

References . . . « ¢ .+ 4 4 s v e s+ 4 4 s s e 4 e s s s+ . . 38

3
L ¥

iii




LIST OF TARLES

- Table
1 Analysis of CASREPT downtime for destroyers, 1970-75
. 2 Definitions, mean values and standard deviations
. of CASREPT rate model variables . . . . . . . . . . .
3 CASREPT rate regression findings . . . . . . . . . .

4 Definitions, mean values and standard deviations
of C2 maintenance down“ime model variables . . . . .

5 Definitions, mean values and standard deviations
of C3/C4 maintenance downtime model variables . . . .

6 Maintenan~e regression findings . . . . .« . . . . . .

7 Definitions, mean values and standard deviations
of C2 supply time nnnHdel variables . « . . . . .« .« . .

8 Definitions, mean values and standard deviations
of C3/C4 supply time wodel variables

9 Supply time regression findings . . . . . . . . . . . 30 !

10 Effects on TASREPT downtime of delaying an ]
overhaul for one vear . . . . « « « + + + « « 4+ « « . 35

e e A s A AA AR P o oy 8 s SR s




DELAYING AN OVERHAUL AND SHIP'S

EQUIPMENT

INTRODUCTION

The frequency of overhauls has a large effect on the Navy's oper-
ating and shipbuilding costs. In FY 1978, an overhaul for a
destroyer-type ship cost $15 million, and the total expenditure
for these ships ~- CGs, DDGs, I'Fs, and FFGs -- was $525 million
(reference 37, p. 59). The typical destroyer is out cf service
due to overhauls about 20 percent of the time, so the fleet has to

be increased by that percentage to maintain effectiveness.l

Overhauls are done to prevent increases in equipment downtime.
Unfortunately, the value of reduced downtime is difficult to
measure. Still, the large costs of an overhaul would seem to be
justified only if it prevents sharp increases in equipment down-

time.

The purpose of this study is to estimate the effects of delaying

an overhaul on a ship's equipment downtime. Not all ships are

lgstimate of 18 percent was ortained from the Navy (0p-964). It
is a best guess of ship uanavailability due to overhauls. Due to
other factors, however, actual unavailability is greater than 18
percent.




s —malade . il

overhauled after the sanme months of service. This variability

enables us to examine the effects of delaying an overhaul.

A CASualty REPorT or CASREPT is supposed to be filed when a ship
has a serious equipment failure which impairs the ship's ability
to carry out current and future assignments and which will take
some measurahle time to repair. Previous studies [10] and [32]
have concluded that CASREPT downtime is an important indicator of
equipment condition. Consequently, CASREPT data are used to

measure equipment condition.

The effect of delaying an overhaul on CASREPT downtime is esti-
mated for destroyer-type ships using regression analysis. Data on
CASREPTs were obtained for 91 destroyers, cruisers, and frigates
for the part of a ship's cycle that occurred after January 1970.
The data are from the Mavy's Consolidated CASREPT Reporting
System. The sample includes observations on 10,000 less serious
C2 and 4,000 more serious C3 and C4 CASREPTs for the period

January 1970-July 1975.
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CASREPT downtime per month depends on the monthly CASREPT rate (Cj
and downtime per CASREPT. Downtime per CASREPT consists of two
components: (1) supply time (S), the perind a CASREPT is deferre:d
for parts, and (2) maintenance time (M), the period a CASREPT is

deferred for administrative delays and actual hands-on repairs.

As displayed in table 1, abkout 50 percent of CASREPTs occur
because parts are unavailable. These are called "parts CASREPTs."
NDowntime first would consist of time waiting for parts, i.e.,
supply time, and then maintenance time. About 40 percent of

downtime is supply time and 60 percent is maintenance time.

The other 50 percent of CASREPTs occur because the crew does not
have the expertise or tools required to repair the broken equip-

ment; in these cases downtime is all maintenance time. Equipment

would be repaired with assistance of other "repair echelons," such

as a tender ship (IMA), a shipyard, or an expert who is brought to

the ship.l

1A CASREPT could also occur if administrative delays prevent
equipment from being repaired within a short period. This is a
more likely possibility for less serious C2 CASREPTs than it is
for C3/C4s.
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Through a literature review and discussions with Navy personnel,
regression wmodels for C, S, and M are specified which include time
since last overhaul and other factors as explanatory variables.
Estimates of the effects of delaying an overhaul on C, §, and M
are obtained from the regression models. These are used to
calculate the effects on CASREPT downtime of delaying an overhaul

for one year.

CASREPT RATE

Regression Model Specification

Direct determinants of the CASREPT rate are listed below together

with the expected direction of their effects.,.

Past utilization of equipment (+)

Current utilization of equipment (+)

Age of equipment (+)

Degree of equipment complexity (+)
Favorable external conditions (-)
Condition of equipment after overhaul (-)
Training of personnel (-)

Number of equipment starts (+)

Initial stock of parts on board (-)

Funds allowance for parts (-)

Willingness of command to report CASREPTs (+)

-

~ OOV D W~

—

Data are unavailable on most of these determinants. To overcome

data problems, we identifed relationships between them and

measurable explanatory variables, which are given below. If we

5




could identify it, the direction of an explanatory variable's
effect on a direct determinant is indicated. We also include

“"number of months since Jan 1970" to test for time trends.

1. Past utilization of equipment (+):
Past steaming underway (+)
Past steaming not underway (+)
Time since overhaul (+)

2. Current utilization of equipment (+):
Current steaming underway (+)
Current steaming not underway (+)

3. Age of equipment (+):
Time since overhaul (+)

4. Degree of equipment complexity (+):
Ship class (?)

5. Favorable external conditions (-):
No measurable explanatory variables identified

6. Good condition of equipment after overhaul (-):
Atlantic or Pacific Fleet (?)

7. Training of personnel (-):
Current steaming underway (+)
Current steaming not underway (+)
Past stéaming underway (+)
Past steaming not underway (+)
Time since overhaul (+)

a. Number of equipment starts (+):
No data available

9. Stock of parts on board (-):

lThe number of hours steaming underway is a measure of operating
tempo: the crew is relatively active operating the ship and
undertaking training exercises. Hours steaning not underway are
periods of relative inactivity. Although energy needs are met
from its own hoilers, a ship's systems are operated at a slower
pace and the crew undertakes fewer training exercises. Hours not
steaming are periods of minimum activity: a ship's hoilers are
turned off and energy is provided from shore through an electrical

hookup.




Fleet (?)
Time since overhaul (-)

10. Funds allowance for parts (-):
Fleet (?)

11. Willingness of command to report CASREPTs (+):
Fleet (?)
Point in the deployment cycle:

Months 1, 2, 3 and 4 after overhaul (+)
Months 1, 2, 3 and 4 prior to overhaul (-).

The definitions, means and standard deviations of regression
variables are given in table 2. ©Except for the dummy variables,
months 1, 2, 3 and 4 before and after overhaul, the direction of a
regression variable's effect cannot be predicted a priori, a
result which may not critically depend on our particular

specification of relationships between explanatory variables and

determinants.! Siqgns of regression variables, such as time

since overhaul, past steaming underway, etc., are ambiguous
hecause each is related to several direct determinants which have
different effects qualitatively. These real world complexities
make it impossible to understand the reasons for the measured

effect of a regression variable.

Findings

Pooled time series cross section data on 2468 ship-months are used

to analyze the CASREPT rate for C2 and C3/C4 CASREPTs. Regression

l1an alternative system of relationships would probably also
yield ambiquous theoretical results.




TABLE 2

DEFINITIONS, MEAN VALUES AND STANDARD

DEVIATIONS Of CASREPT RATE MODCIL VARIABLES

8

Mean Standard
Variables o values deviations
Monthly number C2 CASREPTs 4.14 3.61
Monthly number C3/C4 CASREPTs 1.55 1.89
Monthly steaming hours underway 247.8 197.2
v Total past steaming hours underway since
. overhaul 5576.7 2996.5
v Monthly steaming hours not underway 139.4 131.2
. Total past hours steaming not underway
E, since overhaul 3653.0 2306.4
3 Number of months since Jan 1970 20.4 12.3
Number of months since overhaul 22.1 12.0
& Overhaul cycle variables:
- One if first month after overhaul, zero
| otherwise 0.016 .12
ﬂ One if second month after overhaul, zero
» otherwise 0.017 .13
e One if third month after overhaul, zero
% otherwise 0.017 .13
} One if fourth month after overhaul, zero
- otherwise 0.017 .13
- One if first month before overhaul, 2zero
: otherwise 0.034 18
One if second wmonth before overhaul, zero
otherwise 0.034 .18
One if third month hefore overhaul, zero
otherwise . 0.034 .18
One if fourth month before overhaul, zero
otherwise 0.033 .18
o Ship classes:
"RAMS: Benchmark ship class 0.32 .47
DD 931 0.079 .27
DDG 2 0.18 .38
DDG 31 0.019 .14
pNG 35 0.018 .13
DDG 40 0.0073 .085
FF 1036 One if in ship class, zero otherwise 0.0073 .085
FF 1037 0.073 .26
FF 1040 0.N9S .29
FF 1052 0.041 .20
FFG 1 0.026 .16
- CG 16 0.049 .22
! CG 26 0.084 .28
Fleet: one if Atlantic, zero otherwise 0.48 .50




results, given in table 3, are obtained using the ordinary least

squares estimation procedure.

The F statistics indicate bhoth regressions are statistically sig-
nificant at the .0l level. The R2s of 0.14 for C2 and 0.096 for
C3/C4 CASREPTs are low, which is not unusual for models estimated
with time series cross section data. The low R2 values indicate
a large fraction of serious equipment failures is still random,

but some of it can bhe explained.

The "elasticity" is the percent change in a dependent variable due
to a one percent change in an explanatory variable. TIf the elas-
ticity equals one in absolute value, a variable has a proportional
effect, e.g., if x changes by 10 percent y also changes by 10
percent. Estimates of elasticities are included, where appli-

cable, to help one determine the relative importance of a regres-

sion variable's effect.!
F A number of variables are statistically significant and have large
3

elasticities. Our most important findings are that past steaming

and time since overhaul have large but opposite effects, and that

Atlantic fleet ships have higher CASREPT rates.

Ipue to rounding, elasticities computed by the reader may differ
slightly from those reported in the tables.
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Months since overhaul has a statistically significant and positive
effect: about 0.129 for C2 and 0.058 for C3/C4 CASREPTs. If
other factors were held fixed, the C3/C4 CASREPT rate would

increase over time according to the formula

AC3/C4 = 0.058At

where t = months since overhaul.

In 1970-75, an overhaul for these ships was undertaken after about
3.5 years of service. 1If it was delayed for one year, the
increase in the numher of C3/C4 CASREPTs over the year would be

given by

- 12
AC3/C4 = 0.058 3 At
t=1

However, to estimate the net effect of delaying an overhaul, we
must include the effects of all variables that change over time,
i.=2., past steaming underway, past steaming not underway, and time

since 1970. Using averaqge steaming rates per month to estimate

increases in past steaming variables, equations (1) and (2) bhe-

come




AC2 = -0.01264t (3a)
AC3/C4 = 0.01384t (3b)
and
- 12
AC2 = -0.0126), At = -0.98 (4a)
At=1
o 12
AC3/C4 = 0.0138 D, At = 1.07 (4b)
At=1

Using equation (4b), we estimate that if an overhaul were delayed
for a year there would be only about one more C3/C4 CASREPT.

Using equation (4a)., we estimate there would be a decline of about
one C2 CASREPT. The results have the following implication: if
an overhaul were undertaken after 4.5 years instead of 3.5, there
would not be a serious deterioration of equipment condition

because of increases in the number of CASREPTs.l

lour results would be invalid if ships with higher CASREPT rates
were overhauled first, i.e., earlier in their cycles. lowever, we
now of no evidence that a ship's CASREPT rate was considered as a
factor in the scheduling of overhauls.
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MATNTEFHNANCE DOWNTIME PER CASREPT

-~v~~~"nn Model Specification

r~ L

Ia2terminants of maintenance per CASREPT are listed below

te Ther o with the expected direction of their effects.

Tnerating demands for ship maintenance (+)

Nuality and quantity of ship's maintenance personnel (-)
Whether CASREPT for parts (-)

Negree of equipment complexity (+)

Tachnical difficulty of required maintenance (+)

“upply of intermediate level maintenance resources (-)
Supply of ship's other maintenance resources (-)

"Mether repaired off ship (+)

" "hether period of overhaul quality control (+)1

As in +» ASREPT rate analysis, to overcome data problems we

ident “i~7 ralationships between direct determinants and
mansirc=""a axnlanatory variahles. These relationships are given
we could identify it, the direction of an explanatory

e s “ ~T"act on a direct determinant is indicated.

arating demands for maintenance personnel (+): !
Current steaming underway (+) !
rast steaming underway (-)
Current steaming not underway (+)
Past steaming not underway (-)
Whether a C3/C4 CASREPT (-)

2. Supply of maintenance personnel (-=):
Past steaming underway (+)
Current steaming underway (+)

ljust after an overhaul there may be a quality control period
during which personnel spend extra time repairing CASREPTs.




Past steaming not underway (+)
Current steaming not underway (?)
Whether C3/C4 CASREPT (+)

Time since overhaul (+)

3. Whether CASREPT for parts (-):

Measured directly by whether a CASREPT had any
supply downtime

4, Negree of equipment complexity (+):1
Past steaming underway (?)
Past steaming not underway (?)
Repair echelon (?)
Ship class (?)
Time since overhaul (?)

5. Technisal difficulty of reguired maintenance (+):
Current steaming underway (?)
Current steaming not underway (?)
Repair echelon (?)
Ship class (?)
Time since overhaul (?)

6. Supply of intermediate level maintenance resources (-j:
Tleet (7?)
7. Supply of ship's other maintenance resources (e.g.,

diagnostic equipment, etc.) (-):
No explanatory variable identified

8. Repaired off ship (+)
Repair echelon (+)

9. vhether perind of overhaul quality control (+)
Months 1,2,3, and 4 after overhaul (+)

™e result is a regression model having the variables listed in
tahles 4 and 5. We also include "number of months since January

1970" to test for a time trend.

lAverage equipment complexity for a CASREPT depends on the
number and mix of CASREPTs among subsystems. We assume it is
measured by the factors listed.

16




TABILF 4

DEFINITIONS, MEAN VALUES AND STANDARD DEVIATIONS
OF C2 MAINTENANCF DOWNTIME MODEL VARIABLES

Mean Standard
’ Variables _ values deviations
Hours of C2 CASREPT downtime due to
maintenance 540.8° 1089.7
' Ratio of hours steaming underway to mainte-
nance downtime (current steaming underway) .318 .249
) Total hours of steaming in months bhefore
M CASREPT (in thousands) 5.054 2.902
¥ Ratio of hours steaming not underway to
5’ maintenance downtime (current steaming
“ not underway) .198 .174
g Total hours of steaming not underway in
months before CASREPT (in thousands) 3.545 2.249
hy Months since Jan 1970 19.4 11.8
f Months since overhaul 20.8 11.7
: The following are dummy variables:
. If there was any downtime due to supply =1 .54 .50
'
.
f; Ship classes:
FRAM: Benchmark class .29 .45
4 DD 931 .10 .31
d DDG 2 .21 .41
- DDG 31 .018 .13
4 DDG 35 .019 .14
b FF 1036 .0026 .051
k FF 1037 .0074 .086
" FF 1040 .058 .23
> FF 1052 . .074 .26
FFG 1 .028 .16
' DDG 40 .031 .17
L CG 16 .063 .24
, CG 26 .092 .29 i
i C
; Repair echelon: i ]
: Repair by ship's crew is benchmark echelon .55 .50 3
: If repaired with technical assistance = 1 .19 .39 ?
t . If repaired at IMA = 1 .26 .44 i
: If vrepaired at overhaul = 1 .0014 .037 :
r If repaired at Arydock =1 .0020 .044 f
! Months since overhaul dummy variables:
[ One month after overhaul .0015 .038
4 Two months after overhaul .0020 .044
t Three months after overhaul .0020 .044
| Four months after overhaul .0025 .050
! Fleet: 1 if Atlantic, 0 if Pacific .52 .50 .
AGeometric mean is 143.9
17
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TARLE 5

DEFINITIONS, MFAN VALUES AND STANDARD DEVIATION
QF C3/C4 MAINTENANCE DOWNTIME MODEL VARIABLES

S

Mean Standard
Variables ____values deviations
Hours of C3/C4 CASREPT downtime due to
maintenance 361.0% 735.5
Ratio of hours steaming underway to maintenance
downtime (current steaming underway) .303 .243
Total hours of steaming in months
before CASREPT (in thousands) 5.325 2.970
Ratio of hours steaming not underway to
maintenance downtime (current steaming
not underway) .197 .177
Total hours of steaming not underway in
months before CASREPT (in thousands) 3.747 2.401
Months since Jan 1970 20.29 12.3
Months since overhaul 22.25 12.4
The following are dummy variables: .
If there was any downtime due to supply =1 .51 .50
Ship classes:
FRAM: Benchmark class .32 .47
DD 931 .078 .27
DDG 2 .18 .38
DDG 31 .0098 .098
DDG 35 .018 .13
FF 1036 .0005 022
FF 1037 .0023 .048
Fr 1040 .071 .26
FF 1052 .077 .27
FFG 1 _ .051 .22
DDG 40 .046 .21
CG 16 .058 .22
CG 26 .094 .29
Repair echelon:
Repair by ship's crew is benchmark echelon .48 .50
If repaired with technical assistance = 1 .23 .42
If repaired at IMA = 1 .28 .45
If repaired at overhaul = 1 .0018 .042
If repaired at drydock = 1 .0008 028
Months since overhaul dummy variables:
One month after overhaul .0015 .039
Two months after overhaul .0023 . 048
Three months after overhaul .0021 .045
Four months after overhaul .0010 .032
Fleet: 1 if Atlantic, 0 if Pacific .57 .50

Aceometric mean is 111.9
18




Except for the dummy variables, whether CASREPT for parts (-),

whether a C3/C4 CASREPT (-), and months 1, 2, 3 and 4 after over-
haul (+), the direction of an explanatory variable's effect cannot
be predicted, and it is 1impossible to identify the reasons for its

effect on maintenance downtime.

The distribution of maintenance downtime has a "long tail" -- a
few maintenance actions take a long time. The time for most is
clustered around the geometric rather than the arithmetic mean.
Because of the distribhution's skewness, the natural logarithm

rather than the actual level of maintenance downtime per CASREPT

is regressed on explanatory variables.!

Findings

Pooled time series cross section data on 10,225 C2 and 3,785 C3/
C4 CASREPTs are used to analyze maintenance downtime per CASREPT.
Regression results, given in table 6, are obtained using the

ordinary least squares ecstimation procedure.

The F statistic indicates the reqgression is statistically signifi-

cant at the .01 level. An R2 of 0.24 for C2 and 0.21 for C3/C4

1A1though not reported, we also estimate the model using the
actual level of maintenance downtime per CASREPT. As expected the
1og model provided a better fit. For discussion of the statisti-
cal procedure used to determine which model better fit the data,
see 28], pp. 107-111.
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CASREPTs indicates a small proportion of the variation in mainte-

nance downtime per CASREPT is explained by our variahles.

To test whether C3/C4 CASREPTs had less maintenance downtime than

2 CASREPTs, we pooled the data and included a dummy variable for
C3/Cc4 CASREPTs. The results indicate that C3/C4 CASREPTs have
less maintenance downtime. The effect is statistically signifi-
cant at the .05 level. These results may be because of shorter

administrative delay times for C3/C4 CASREPTs.

The regression model is statistically significant, but it explains

only a small percent of the variation in maintenance downtime per

CASREPT. Time since overhaul has a negative effect. Past steam-

ing underway and past steaming not underway increase maintenance
downt ime, while current steaming underway and current steaming not
underway reduce it.l Maintenance time was much lower for

CASREPTs that had to wait for parts and C3/C4 CASREPTs. CASREPTs
repaired off ship had more maintenance time. While ship classes
hatl! some ~ffects, fleet and cycle dummy variables had none.

'inally, maintenance dJdowntime scems to be increasing over time.

ITo measure steaming intensity during the life of a CASREPT,
which could bhe days., weeks, or months, we divided steaming hours
Aduring the CASREPT's maintenance period by maintenance time.
Thus, "current steaming" for a CASREPT's maintenance period is a
ratio: hours steaming (either underway or not underway) to hours
of maintenance downtime. In the CASREPT rate analysis, "current
steaming” is hours of steaming during the month observed.




——- e ey ve -

Although time since overhaul is negatively related to maintenance
downtime per CASREPT, other factors are positively related. The
net effect of delaying an overhaul is to increase maintenance time

per CASREPT:!

AM

i

1.40At C2 CASREPTs (5a)

AM 1.25At C3/C4 CASREPTs (5b)

i

If an overhaul were delayed for one year, maintenance downtime per
CASREPT during the extended period would increase; on average, the

increas~ would be R.4 hours for C2 CASREPTs and 7.5 hours for 3/

C4s.?

SUPPLY DOWNTIME PER CASREPT

e Maran foetes mea

Recression Model Specification

As in the previous two subsections, direct determinants are listed ;

first together with the expected direction of their effects. :

lpstimated by multiplying g%/dt times the geometric mean of M.

1
The geometric mean is used because InM rather than the level of M
is the dependent variable in the regression model.

2pstimates obtained by evaluating equations (5a) and (5b) at the
midpoint (6 months) of the additional year.
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1. Partc required per CASREPT (+)

2. Amount of parts reordered (+)
N Inventory of parts stocked by suppliers (-)
a4 Frequency of deliveries from supplies (-)

. Availability of funds for repair parts (=)

Again, *to overcome data problems we identified relationships

hetwren diract determinants and measurable factors. These are

aivon helow,

1. Parts required per CASREPT (+):
Past steaming underway (?)
Past steaming not underway (?)
Ship class (?)
Time since overhaul (?)

2. Amount of parts reordered (+):
Past steaming underway (?)
Repair echelon (?)
Past steaming not underway (?)
Ship class (?)
Time since overhaul (?)
Current steaming underway (?)
Current steaming not underway (?)
Whether C3/C4 CASREPT (-)

2. Tmventory of parts stocked by suppliers (-):
Ship class (?)
Fleet (?)

A “requency of deliveries frowm suppliers (-):
Current steaming underway (=)
Fleet (?)

Whether C3/C4 CASREDPT (+)
5. Special parts requirements (?):

Repair echelon (?)
Ship class (?)

These variables are listed in tabhles 7 and 8. We also include the

logarithm of the numher of months since January 1970 to test for a

26
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TABLE 7

DEFINITIONS, MEAN VALUES AND STANDARD DEVIATIONS
OF C2 SuprPPLY TIME MODEIL VARIABLES

Mean Standard
Variables N values deviations
. Hours of C2 CASREPT downtime due to supply 611.02 835.8
3 Ratio of hours steaming underway to .361 .235
¢ CASREPT downtime
£ Total hours of past steaming before
- CASREPT (in thousands) 3.325 2.575
y Ratio of hours steaming not underway to
CASREPT downtime .226 .150
Total hours of past steaming not underway
before CASREPT (in thousands) 2.211 1.474
Logarithm of months since Jan 1970 2.7 .90
Months since overhaul 15.3 8.53
‘ Ship classes:
- FRAM: Benchmark class .27 .44
DD 931 .10 .30
DDG 2 .21 .41 ;
DDG 31 .018 .13 i
DDG 35 .018 .13 i
FF 1036 .0025 .050 §
FF 1037 .0050 .070 P
FF 1040 .060 .24 :
FF 1052 .062 .24 !
FFG 1 .026 .16 i
DDG 40 .031 .17
CG 16 .077 .27
CG 26 .11 .32
Repair echelon: :
Repair by ship's crew is benchmark echelon .71 .45 '
I1f repaired with technical assistance = 1, .
0 otherwise .15 .36
If repaired at IMA = 1, 0 otherwise .14 .35
If repaired at overhaul = 1, O otherwise .0005 .022
Fleet: 1 if Atlantic, O otherwise .56 .50

aceometric mean is 311.0.




;'v’? )

TABLE 8

DEFINITIONS, MEAN VALUES AND STANDARD DEVIATIONS

OF C3/C4 SUPPLY TIME MODEL VARIABLES

Mean Standard
Variabhles o values deviations
Hours of C3/C4 CASREPT downtime due to supply 454.1°% 679.6
Ratio of hours steamning underway to CASREPT .339 .235
downtime
Total hours of steaming in months hefore
CASREPT (in thousands) 3.761 2.558
Ratio of hours steaming not underay to
CASREPT downtime .213 .145
Total hours of steaming not underway in
months before CASREPT (in thousands) 2.458 1.666
Logarithm of months since Jan 1970 2.80 .80
Months since overhaul 17.2 9.5
Ship classes:
FRAM: Benchmark class .28 .45
DD 931 .056 .23
PDG 2 .17 .38
DDG 31 .0076 .086
DDG 35 .021 .14
FF 1036 . 0009 .030
FF 1037 .0014 .038
FF 1040 .080 .27
FF 1052 .066 .24
FFG 1 .049 .21
DDG 40 .048 .21
CG 16 .068 .25
CG 26 .13 .34
Repair echelon:
Repair by ship's crew is henchmark echelon .61 .49
If repaired with technical assistance = 1,
0 otherwise .21 .41
If repaired at IMA = 1, 0 otherwise .16 .37
If repaired at overhaul = 1, 0O otherwise .0014 .037
Fleet: 1 if Atlantic, O otherwise .62 .48

Ageometric mean is 224.1.




time trend.

Although a C3/C4 CASREPT should have fewer hours of supply down-
time, the direction of other variables' effects could not be pre-
dicted. As bhefore, by specifying theoretical relationships we can
identify explanatory variables but not the direction of their
effects a priori, and we cannot explain the reascn for a reqgres-

sion variable's measured effect.

LLike maintenance downtime, the distribhution of supply downtime has
a "long tail" -- a few take a long time. The time for most is
clustered around the geometric rather than the arithmetic mean.
Because of the skewness of the distribution, the natural logarithm
rather than the actual level of supply downtime per CASREPT is

regressed on explanatory variables.!

Findings

Pooled time series cross section data on 6,008 C2 and 2,110 C3/C4
CASPREPTs are used to analyze supply downtime. Regression results,
given in table 9, are obtained using the ordinary least s ,uares
estimation procedure.

lalthough not reported, we alsn estimate the model using the
actual level of supply downtime per CASREPT. As expected, the log
model provided a better fit, although neither model fit the data
well.
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The models explain almost none of the variation in supply down-
time. Although there are statisticaly signifjcant relationships,

the R? is only 0.024 for C2 and 0.022 for C3/C4 CASREPTs.

To test whether C3/C4 CASREPTs had less supply downtime, we pooled
the data and included a dummy variable for C3/C4 CASREPTs. The
results indicate that C3/C4 CASREPTs have less supply downtime.
The impact is statistically significant at the .05 level. These
results may be because parts are shipped wore quickly for C3/C4

CASREPTs .

Supply time seems to be largely unaffected by explanatory vari-
ables, including time since overhaul. Although C3/C4 CASREPTs
have less supply downtime, most explanatory factors are not signi-
ficant. We find evidence, however, that Atlantic fleet ships have

more downtime because of supply related factors.l

The net effect of delaying an overhaul is to increase supply time

per CASREPT:

lPerhaps our most interesting finding is the positive sign of
Atlantic fleet, which is statistically significant for both C2 and
C3/C4 CASREPTs. From the CASREPT rate analysis, we find Atlantic
fleet ships had more CASREPTs. To see if this is because of
supply problems, we look at the simple correlation between vari-
ables "whether CASREPT for parts" (from the maintenance time
regression model) and Atlantic fleet. We find a positive correla-
tion of 0.08, which indicates that Atlantic fleet ships had rela-
tively more CASPEPTs because parts were unavailable than did ships
in the Pacific fleet.




AS = -0.66 At C2 CASREDTs (6)

B
(@]
W

0.74 At C3/C4 CASREPTs (7)

1f the overhaul were delayed for one year, supply time per CASREPT
would on the average decrease by 4.0 hours for C2 CASREPTs and

increase by 4.4 hours for C3/C4s.

CELAYING OVERHAULS AND CASREPT DOWNTIMF

The effects on CASPEPT downtime of delaying an overhaul for one
vear are given in table 10. In the additional) year, downtimne
increases by 864 hours for C3/C4 CASREPTs. This represents only a
6.3 percent increase compared to the number of hours that woald
have occurred had the overhaul taken place in the previous year.
Downtime declines by 692 hours for C2 CASREPTs, a slight drop of
1.6 percent. Thus, downtime is hardly affected by extending the

ship's cycle for one y2ar.
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CONCIUNSTONS

This study provides evidence which suqgqgests that overhauls of
destroyers may have been undertaken too frequently in 1970-75.
The typical ship was overhauled after Jjust 3.5 years of service.
Those overhaulad later had only slightly more C3/C4 CASREPT down-
time: they also had slightly less C2 CASREPT downtime. Conse-
quently, if destroyers are overhauled after just 3.5 years of
service, the bhenefits do not seem to justify the large direct
costs, plus the costs of bhuilding and operating additional ships

to compensate for the unavailability of those in overhaul.l

Since 1970-75, the policy of the Navy has heen to extend ships'
cycles to some degree. The Navy should continue this policy of
extending them, until it is clear that an overhaul is undertaken

when the henefits justify the costs.

Our study may be limited for two reasons. First, 4 typical ship's
cy=le is now longer than it was in 1970-75, and we wauld not want
to extrapolate our Findings beyond the range of most observations.
ilbwever, the Navy is now undertaking more scheduled maintenance

while a ship is in service. This should prevent increases in the

linsteaa, programs aimed at increasing the availahility of parts
and the capability of maintenance personnel might be more cost
effective in reducing CASRFPT downtime. However, evidence on the
effects of sucn programs is highly tentative or unavailable. Sece
(31, [2]., ana [10].
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number of equipment failures, so further extending ships'
may still be appropriate.

cycles
Second, CASREPT data measure only

serious equipment failures that cannot be repaired quickly.

This
leaves out less serious equipment failures and serious ones that

are repaired within a short period; perhaps the number of these
failures increase over time.

The Navy should measure the relationship between the failure rate

of all equipment and time since overhaul for ships operating under
the new maintenance system,

and use this information in determin-
ing when to schedule ships for overhauls.
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